INTRODUCTION
The steam injected gas turbine (STIG) cycle has been extensively discussed in technical literature since its appearance (Cheng, 1978) and still recently (Rice, 1995 , Michael, 1995 . Full steam injected versions of few gas turbine engines have been commercially available for several years (Oganowski, 1987) . As an example of the trade-off involved, let's mention the most efficient commercial STIG package based on the large aeroderivative GE LM5000, which features a power output of 49.6 MW, with a net electric efficiency of 43.8 percent (Anon, 1993) . We have made a few of experiments on the STIG test unit (Zang, 1989) . Wen et al. (1992) successfully applied the STIG technique to the modification of three P05361P1 type simple cycle gas turbines at Nanshan power plant, Shenzhen, China.
In a STIG plant, the injected steam has great effect on its working condition. It is important to make use of a control connected with fuel flow rate regulation for a given injected steam rate in order to obtain optimum operation. In the case of rejection of load, the large heat content of waste heat boiler will effect on the gas turbine with rapid response of shaft speed.
However, at present most of the STIG units are the modified simple cycle gas turbine, and the control systems of the gas turbine and the.waste heat boiler are independent in the unit with each other. Moreover, the gas turbine's controller in which the fuel flow rate is taken only as an output of controller, is not changed (Wen, 1992) . Although it is a simple and convenient measure for the design of the plant, in order to advance the control performance the multivariate control system of a ST1G plant, in which two signal inputs to the plant are the fuel flow rate and the injected . steam flow rate, is recommendable.
This paper investigates a multivariate control system that adopts the fuel flow rate and injected steam flow rate to make a coordinate control.
We present a simulation of the dynamic response of the control system of a test ST1G unit which is composed of a 310 hp gas turbine and a waste heat boiler rated at 0.5t/h. A state-space model of the STIG control system is established. By use of it, we investigate the variation of the gas turbine The result of simulation shows a remarkable improvement on the dynamic performance of the 5110 unit during rejection of load. The influence of disturbance by the change of injected steam flow rate on the gas turbine speed is also discussed.
STATE SPACE MODEL OF THE STIG UNIT
The gas turbine control system has been developed to use the computer collecting and distributing control system, and the controller is also developed from the mechanical or simulative circuit type to the digital type. The digital control system used for gas turbine is an important mark of modem gas turbine.
The controller design generally is based on the simulation of the plant.
Wane (1992) regarded each primary part of gas turbine as a control volume, gave a first order set of derivative equations, and designed a quadratic optimum regulator by use of the state space method. This paper gives a mathematical model of the 5110 through the medium of state space method, and simulates the shaft speed and fuel flow change in the case of steam injection breaking and rejection of load.
Test STIG unit
The modeling test 5110 system is shown in Figl 
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It will have an effect on the transient process of the combustion chamber to mix the injected steam with gas in the secondary mixing zone of the combustion chamber. where a is the ratio of injected steam to gas.
The mass and energy equations of the turbine are as follows
There are also the momentum equations of the rotating parts = 47 -QC Q. [1
The SIA-02 gas turbine used for our test ST1G unit has a PD regulator composed by the simulative circuit as shown in Fig. 2 , by which the fuel flow rate is adjusted according to a deviation of the real shaft speed from the given shaft speed. The output signal of the PD controller through twoamplifier stage acts on a control valve for the fuel flow. With equal pressure difference, the fuel flow rate is proportional to the control signal.
The transfer function of the PD regulator is as follows
1+4.1727 x10 -2 s W -(7) 1+4.226 x10 -'s 1+5.124 x10 -3 s where the influence of system inertia has been taken into account. 
Simulation of the STIG unit controller
Using the above state equation's (6) and regulator equation (7), the transient process of the STIG unit can be calculated by four-order RungeKutta method used generally for the solution of set of differential equations.
• On the STIG unit, we made a test in which the injected steam ratio was changed from 0 per cent to 8 per cent, and then from 8 per cent to 0 per cent. Now we take the same process as that used in the experiment to make the simulation, and consider the lag of the steam system response.
For the sake of easy comparison, Fig.3 gives the simulation results in two processes in which the injected steam ratio is changed from 0 per cent to 8 per cent in 3 seconds, and from 8 per cent to 0 per cent.
We note that the .shaft speed drops by 0.75 per cent in 0.7 seconds after injected steam is cut off, and drops by 0.55 per cent in three seconds, then keeps in a steady state. The fuel flow rate has an increase of 0.0021 kg per second in 0.7 seconds. In such a process, the maximum variation of the shaft speed is from -1.04 per cent to 0.28 per cent, and that of the fuel flow rate is from 0.003kg per second to -0.0075kg per second. It can be seen that both variations are not obvious. Therefore, the gas turbine with PD controller can be adapted to the disturbance from injected steam flow and maintain satisfactory performance.
In some of the existing STIG units, the injected steam flow rate and fuel flow rate are separately controlled. In this way, when a large load disturbance occurs, it is difficult for the controller to rapidly regulate the injected steam rate, then it may lead to gas turbine trouble. We 
DESIGN OF THE LQR CONTROLLER

LQR controller design
Classical synthesis control techniques, which involve the analysis and design of single-output, single-output control loops, behave quite well for the old, simple engines. Unfortunately, such techniques yield poor transient and static performance when they are applied to the more complex, multivariable engines. In recent years, several multivariable control design techniques have been used to design control system for aircraft engines (Sain et al., 1977; Leen, 1985; Athans et al., 1986; Peilet et at, 1986) . Huang et al., (1993 Huang et al., ( ,1995 approximates to the linear system, the linear theory can be used in the design of optimum controller. In general, there are three methods for the development of optimum controller, namely, the classical calculus of variations, the dynamic plan and the minimum extreme value principle.
The last method is used in the design of the LQR controller.
In this paper, the aim of our design is to get minimum variation of - 
Simulation of the STIG unit with LQR controller .
In the present work, the two most important features of control system performance, namely, conunand following and disturbance 
CONCLUSION
The results of the simulation show that the LQR controller, with which the injected steam rate and the fuel flow rate are controlled simultaneously, makes striking improvement as compared with PD controller. On condition of rejection of full load, the LQR control system ensures good transient response, and the static difference is reduced by 3.6 per cent.
The LQR controller is capable of increasing the adaptability of the load disturbance, and the quickness of response to the shaft speed. By the selection of weighting for the LQR design variable satisfactory transient performance of the STIG unit is easily obtained. However, it is of note that if we keep the injected steam rate constant, the transient performance will be worse and exceeding shaft speed may occur. But if a multivariate LQR controller is to be used, it is possible to overcome the above-mentioned problems. Our future work is to deeply investigate the effect between the parameters of engine when the LQR controller is used for the repackage or full STIG unit.
